Abstract. Galectins play a key role in oncogenic processes. Although several galectins are known, their relative expression at the mRNA and protein levels, the subcellular localization, and their relationship to the oncogenic manifestation remains unclear. Herein we report a comprehensive characterization of the expression of major galectins in human breast cancer (drug-sensitive MCF-7 and drug-resistant MCF-7/Adr R ), colon cancer (HCT-116 and HT-29), and glioma (T98G) cell lines, as these cells are common model systems for studying oncogenic processes. The expected ~14.5 kDa galectin-1, predominantly cytosolic, was detected in the cancer and normal cell lines. Notably, two different molecular forms of galectin-1 with molecular masses of ~13.5 and 15 kDa were detected in T98G cells, the latter being in the extracellular medium, perhaps a result of post-translational processing. Immunocytochemistry indicated that the extracellular galectin-1 bound to the cell surface was punctated in appearance, suggesting that it was bound to specific receptors. Immunohistological studies indicated that metastasizing carcinomas express high levels of galectin-1. On the other hand, galectin-3 was readily detectable in all cancer cell lines but undetectable in normal cell lines, indicating that galectin-3 is a cancer-specific biomarker protein. Galectin-3 was a cytosolic protein but was not detected in the extracellular medium, indicating that cancer cells do not secrete this galectin. Finally, despite the RT-PCR analysis suggesting the presence of two transcripts of galectin-8 in all cancer cell lines, the corresponding ~36 kDa protein was only detectable in the nuclear and cytosolic fractions upon cell fractionation. Notably, a different molecular form of galectin-8 of ~18 kDa was immunoprecipitated from the extracellular media, suggesting that the secreted galectin-8 undergoes post-translational processing. These results highlight the expression of galectins in different molecular forms in cancers, warranting caution in interpreting the results of functional studies of individual galectins, particularly because these proteins function redundantly in cancer pathways.
Introduction
Galectins are a family of lectins that are widely expressed in the animal kingdom, ranging from Caenorhabditis elegans to human (1-3). As many as 15 mammalian galectins, termed galectin-1, -2 , -3 and others have been identified and characterized in different cancers (3) . A closer inspection of the NCBI database indicates that many of these galectins are transcribed as different isoforms, perhaps splice-variants, thus markedly increasing the number of galectins expressed in cells. Galectins are relatively small proteins with molecular masses ranging from 14.5 to 38 kDa, and characteristically contain a conserved ~130 amino acid stretch of carbohydrate recognition domain (CRD) (4, 5) . Some galectins carry two CRDs (galectin-3, -4, -6, -8, -9 and -12), whereas others contain a single CRD (galectin-1, -2, -5, -7, -10, -11, -13 and -14) (6), allowing these lectins to preferentially function as monomers or dimers, respectively. Galectins bind to and cross-link the extracellular matrix components, membrane glycoproteins and lipids present in the adjacent cells through their ability to bind ß-galactosides present in the carbohydrate moieties, leading to the cell-matrix and cell-cell adhesion (7) . Although these observations imply that galectins are extracellular, the amount of galectins secreted in the extracellular surface is minimal (8) , and the majority of the expressed galectins is localized in the intracellular space and nucleus (9) , indicating that these proteins perform an important intracellular function in physiological and pathological processes.
Among all the known galectins, galectin-1 is wellcharacterized, and is a prototype of the galectin family. In addition to the carbohydrate-binding ability, galectin-1 associates with proteins through protein-protein interactions and participates in a variety of oncogenic processes including transformation and proliferation, cell cycle regulation, cell adhesion, metastasis, inhibition and the promotion of programmed cell death and apoptosis in activated T cells (10, 11) . Numerous ligands for galectin-1 have been described in different tissues and cells that include actin, laminin, fibronectin, vitronectin, integrins, CA-125, H-ras, CD45 and gemin-4 (6, (12) (13) (14) (15) . Galectin-1 is expressed in a variety of cell types including breast epithelial, thymic epithelial, endothelial and dendritic cells, macrophages, fibroblasts and bone marrow cells (2, (16) (17) (18) (19) (20) . There is an increased galectin-1 expression in many cancer types including colon, breast, ovary and prostate carcinomas and aggressive gliomas, and an increased accumulation of galectin-1 in the stroma surrounding tumors in ovarian and prostate carcinoma (2, (21) (22) (23) (24) (25) . Other galectins, specifically galectin-3 and -8, are involved in a variety of cellular and carcinogenic processes similar to galectin-1. Although this conservation of cellular functions among different galectins is now well recognized, little is known about the expression of different galectins in a specific cancer cell type. In this study, we investigated the expression patterns of major galectins (-1, -3 and -8) in the most common breast and colon cancer cells. Our results show that although galectins are widely expressed in human cancers, they exhibit unique expression characteristics, molecular forms and subcellular localization.
Materials and methods
Materials. Recombinant galectin-1, -3 and -8 and the corresponding antibodies were purchased from R&D Biosystems, Minneapolis, MN. AlexaFlour-488 coupled secondary antibodies were obtained from Invitrogen, CA. P-glycoprotein (Pgp)-specific UIC2 antibody was obtained from Chemicon International, Temecula, CA. The Pgp-specific NH 2 11 antibody was prepared in our laboratory (26) . SDS-PAGE and the immunoblotting reagents were purchased from Bio-Rad. Precast SDS-PAGE gels were purchased from Pierce. The oligonucleotides used in this study were synthesized at Integrated DNA Technologies, Inc., Coralville, IA. All other reagents were of analytical grade.
Cell lines and culture conditions. The cell lines (American Type Culture Collection, Vanassas, MD) used in this study were cultured in a 37˚C humidified incubator with 5% CO 2 in the laboratory as recommended by the supplier. The drugsensitive human breast cancer MCF-7 cells, adriamycinresistant breast cancer cell line, MCF-7/Adr R , human embryonic kidney HEK-293 and the human foreskin fibroblast (HFF-2) cells were cultured in DMEM. The human glioma cell line T98G was cultured in MEM. The human colon adenocarcinoma cell line HT-29 and the human colon carcinoma cell line HCT-116 were cultured in McCoy's 5A medium. The growth media used in this study were supplemented with 10% FBS and antibiotics (penicillin and streptomycin, 100 μg/ml).
Reverse transcription-PCR (RT-PCR)
. The isolation and detection of different galectin transcripts in cells were carried out by the standard RT-PCR procedures. Briefly, total RNA was extracted using a Trizol reagent (Invitrogen, CA) from different cells and then subjected to RT-PCR as previously described (26) , using gene-specific primers. Full-length galectins were amplified using the following primer pairs: galectin-1: forward primer, 5'-ATGGCTTGTGGTCTGGTC GCC-3' and reverse primer, 5'-TCAGTCAAAGGCCACAC ATTTGA-3'; galectin-3: forward primer, 5'-ATGGCAGACA ATTTTTCGCTCC-3' and reverse primer, 5'-TTATATCATG GTATATGAAGCA-3'; galectin-4: forward primer, 5'-ATG TCTGTTTACATCCAAGGAGTG-3' and reverse primer, 5'-TTAGATCTGGACATAGGACAAGGTGACAT-3'; galectin-7: forward primer, 5'-ATGTCCAACGTCCCCC ACAAGTC-3' and reverse primer, 5'-TCAGAAGATCCTC ACGGAGTCCA-3' and galectin-8: forward primer, 5'-ATG TTGTCCTTAAACAACCTACAG-3' and reverse primer, 5'-CTACCAGCTCCTTACTTCCAG-3'. The amplification of GAPDH was carried out using the primers 5'-CAGCCGAGC CACATCG-3' and 5'-TGAGGCTGTTGTCATACTTCTC-3'. The PCR amplified DNA fragments were separated on 1% agarose gel containing ethidium bromide and visualized using the Bio-Rad ChemiDoc system. The amplified DNA fragments were subsequently sub-cloned in the pGEMT easy vector (Promega, CA) and the insert DNA was sequenced at the DNA sequencing facility of the University of Nebraska, Lincoln, NE.
Immunocytochemistry. Immunocytochemical detection of galectins in different cancer cells was performed according to the method previously described (26) with some modification. Briefly, to detect the intracellular galectins, cells growing on coverslips were fixed with 1% paraformaldehyde and then permeabilized in buffer containing 0.25% Nonidet P40. Cells were then incubated with galectin-specific primary antibody as indicated in the text, followed by staining with the relevant AlexaFluor-488 coupled secondary antibody. To immunostain the extracellularly located galectins, cells were plated on coverslips placed in 12-well plates and grown tõ 50% confluency. Cells were washed gently once with PBS, incubated with fresh growth medium supplemented with a specific primary antibody and incubation was continued in the 37˚C incubator for 45 min. The cells were then washed in PBS and fixed in 1% paraformaldehyde and immunostained using the relevant AlexFluor-488 coupled secondary antibody. The cellular location of AlexaFluor-488 fluorescence in cells was determined using a Leica laser confocal microscope (TCS SL, Leica Microsystems GmbH, Heidelberg), with a 63x1.4 oil objective and immersion oil, and the images were digitally recorded on a computer hard drive.
Immunohistochemistry. The paraffin-embedded human breast invasive carcinoma and colon invasive adenocarcinoma sections were obtained from the Department of Pathology, University of Nebraska Medical Center, Omaha, NE. These tissue sections were immunostained using anti-galectin antibodies in conjunction with AlexaFluor-488-conjugated secondary antibodies according to the procedures previously described (26) . Specimens were observed under an Olympus IX81 microscope and the images were digitally recorded on a computer hard drive.
Immunoprecipitation. To detect secreted galectins, T98G cells were grown to ~80% confluence in 100-mm tissue culture dishes and the spent medium was collected. As a control, the fresh growth medium was used. Galectins were immuno-precipitated using specific antibodies according to the procedure of Rao et al (26) . The immunoprecipitates were subjected to SDS-PAGE followed by immunoblotting for the detection of galectins.
The isolation of nuclear and cytosolic fractions. Cells grown to ~80% confluency in a T75 cm 2 flask were collected in cold PBS, centrifuged at 1000 x g and the pellet obtained was incubated in 0.5 ml lysis buffer containing 1X PBS, 0.1% Triton X-100, 0.1% Nonidet P40, 0.2 mM DTT, 25 mM NaF, 5 mM sodium vanadate, 0.1 mM ZnCl 2 , 20% glycerol and protease inhibitor cocktail (Sigma) on ice for 10 min with intermittent pipetting. The suspension was centrifuged at 1000 x g for 15 min. The supernatant obtained was then centrifuged at 60,000 x g and the clear supernatant termed cytosolic fraction was collected. The pellet, obtained from the above 1000 x g centrifugation contained nuclei, was washed once in the above lysis buffer without detergents, re-suspended and then sonicated for 30 sec. The sonicate was centrifuged at 60,000 x g and the supernatant obtained was termed a nuclear fraction. The cytosolic and nuclear fractions thus obtained were analyzed for the presence of galectins by immunoblotting.
SDS-PAGE and immunoblotting.
The cells growing in the tissue culture dishes were scraped into the growth medium and centrifuged at 2000 rpm for 5 min in a microcentrifuge. The pelleted cells were washed once with ice-cold PBS, and the cellular proteins were precipitated with 6% (w/v) trichloroacetic acid. The precipitated proteins were dissolved in Laemmli buffer. SDS-PAGE, the transfer of proteins onto the PVDF membranes and immunoblotting were performed as previously described (26) .
Protein estimation. The protein content in the samples was estimated by the Bio-Rad DC protein assay kit using bovine serum albumin as standard.
Experiments. Each of the experiments in this study was carried out a minimum of three times using different batches of cell lines with essentially identical results.
Results

RT-PCR analysis of galectins in different cancer cell lines.
We examined the expression of different galectins in several established cell lines using the RT-PCR procedure. Total RNA (5 μg) isolated from each cell line was used in the reverse transcription. The resulting reaction mixtures were used as template DNAs in the PCR to obtain a quantitative analysis of the gene expression. Representative amplified DNA fragments were subcloned into a pGEMT easy cloning vector and sequenced to confirm their identity. Fig. 1 shows the amplification of ~0.4 kb galectin-1 and 0.3 kb galectin-3 cDNA, which were present in nearly similar amounts in all of the cancer cell lines. Galectin-4 cDNA was readily amplified from HT-29 cells but was not detectable in other cell lines, perhaps due to a low abundance. Although all of the cancer cell lines contained a galectin-7 transcript, the expression levels among the cell lines varied. Finally, the galectin-8-specific primers used in the PCR amplified two transcripts of 1077 and 951 bp in all of the cancer cell lines, and their amounts were nearly equal. DNA sequencing and alignment with the NCBI database using a BLAST server identified these two DNA fragments as galectin-8 isoform 1 (NM_ 201543) and 2 (NM_201544), respectively.
To evaluate the expression levels of different galectins in each cell line, the RT-PCR mixtures of the different galectins prepared as above were separated by agarose gel electrophoresis. Fig. 2 shows the relative levels of different galectins in the cancer cell lines. The drug-sensitive MCF-7 and the drugresistant MCF-7/Adr R cells contained galectin-1, -3 and -8 in significantly higher amounts when compared to the levels of galectin-4 and -7. The HT-29 cell line uniquely contained high levels of galectins-4 and -7 when compared to other cell lines. Galectins-4 and -7 were less abundant in HCT-116 and T98G cells. As controls, we analyzed the expression of these galectins in the human embryonic kidney HEK-293 and fibroblast HFF-2 cells using the identical RT-PCR condition and the results showed that these non-cancer cells transcribe galectins-1 and -3 but not other forms. Together, these results suggested that galectins are differentially transcribed in cancer cells and galectins-4, -7 and -8 are cancer-specific, but absent in the non-cancer cell lines. Each of the indicated galectin cDNA was amplified using its specific primer set mentioned in Materials and methods. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was amplified to serve as an internal control for PCR. Equal volumes of these PCR mixtures were separated on 1% agarose gel containing ethidium bromide, and the images were digitally captured by the Bio-Rad ChemiDoc System. The expected size of each galectin by using the primer set is indicated.
Immunoblot analysis of galectins. To further determine the expression of galectins in the above cells, we analyzed the expression of galectins-1, -3 and -8, because recent studies indicated that these lectins play a key role in oncogenic processes (27) (28) (29) . Fig. 3 shows that MCF-7, MCF-7/Adr R and HCT-116 cells contained the expected 14.5 kDa galectin-1 in nearly equal amounts, corroborating the above RT-PCR studies. Of note are the significantly high levels of galectin-1 expression and its resolution into two species with molecular masses of ~14.5 and 13.5 kDa in T98G and HFF-2 cells, despite the similar levels of steady state gene transcripts in these cells versus that of other cell lines. This suggests that either the half-life or efficiency of the translation of galectin-1 in T98G and HFF-2 cells is higher. On the other hand, galectin-1 was not detected in HEK-293 cells, although these cells contained significant levels of transcript, perhaps indicating the existence of translational repression mechanisms in these cells.
As expected from the transcription levels seen in Figs. 1  and 2 , the ~30 kDa galectin-3 was detectable in all of the cancer cell lines at relatively similar amounts except for MCF-7 cells. However, galectin-3 was not detectable in either HEK-293 or HFF-2 cells, despite the presence of corresponding mRNA. Finally, immunoblotting using monoclonal antibody to galectin-8 or the polyclonal antibodies did not indicate the presence of ~36 kDa galectin-8 in any of the cell lines, even after extended chemiluminescence. Since the recombinant galectin-8 was easily immunoreactive in these blots, the results suggest the absence of the galectin-8 protein in any of the cell lines. From this analysis it is apparent that cancer cells exhibit a fine control of lectin translation, and it is therefore essential to combine the RT-PCR analysis with immunoblotting profiles to assess the function of the individual galectins.
The cellular localization of galectins. Galectins are known to be localized in the cytosol, nucleus and in the extracellular space. Therefore, we characterized the subcellular location of galectins in T98G cells, which was used as a model for this analysis. T98G cells grown to ~80% confluency were fractionated into cytosol and nuclear fractions, and then analyzed for the presence of different galectins by immunoblotting, as described in Materials and methods. Fig. 4 shows that galectin-1 and -3 were present in the cytosolic but absent in the nuclear fraction. Notably, when the subcellular fractions were analyzed for the presence of galectin-8, the ~36 kDa protein was predominantly detected in the nuclear fraction, and to some extent in the cytosolic. The reasons for our failure to detect galectin-8 in the whole cell lysates by direct SDS-PAGE/immunoblotting analysis (Fig. 3) are unclear at present. The identification of galectin-8 in the cytosolic and nuclear fractions indicates that a cell fractionation procedure is a prerequisite for the detection of galectin-8. Fig. 1 were separated on 1% agarose gel electrophoresis and the images were digitally captured using the Bio-Rad ChemiDoc system. The sizes of the standard DNA fragments in the DNA ladder are indicated with arrows. To determine whether galectins are secreted in the extracellular space, T98G cells were grown to ~80% confluency and the spent medium was collected. Galectins in the spent medium were immunoprecipitated using anti-galectin antibodies as described in Materials and methods. Fig. 4 also shows that a significant amount of ~15 kDa protein immunoreactive with anti-galectin-1 was detectable in the spent medium, which is slightly higher in molecular mass, compared to the size of the galectin-1 immunoprecipitated from the total cell lysates. Since no protein was immunoprecipitated by anti-galectin-1 from the fresh growth medium (not shown), thẽ 15 kDa protein is either a different or post-translationally modified form of galectin-1. On the other hand, the 30 kDa galectin-3 was not detectable in the immunoprecipitates obtained from the spent medium, which was, however, immunoprecipitated from the cell lysates. Although thẽ 36 kDa galectin-8 was not detected in the immunoprecipitates prepared either from the cell lysates or the spent growth medium, an ~18 kDa anti-galectin-8 immunoreactive protein was consistently detectable in the cell lysates and extracellular medium. The identity of this ~18 kDa protein is unclear at present (see Discussion). These results together suggest that the intracellular galectins-1, -3 and -8 have the expected molecular masses. Since galectins detected in the extracellular medium are different from that of the expected ones, it is likely that the secreted galectins undergo further modification before or after secretion.
The immunocytochemistry of galectins. To further characterize the cellular localization of galectins-1, -3 and -8, T98G cells were grown on coverslips and fixed using paraformaldehyde. Cells were immunostained with anti-galectin antibodies in conjunction with AlexaFluor-488-coupled secondary antibody and then analyzed by confocal laser microscopy, as described in Materials and methods. Fig. 5 shows that the AlexaFluor-488 fluorescence associated with galectins-1 and -3 was predominantly cytosolic and absent in the nucleus, supporting the results shown in Fig. 4 were fixed in buffer containing paraformaldehyde but lacking detergents and then immunostained with anti-galectin-1 in conjunction with AlexaFluor-488 coupled secondary antibody. Fig. 6 shows that AlexaFluor-488 immunofluorescence was predominantly localized at the cell surface of the MCF-7/Adr R cells, suggesting that these cells secrete galectin-1, which was bound to the cell surface. To determine whether the in vivo labeling methodology used here detects only the extracellular galectin-1, we immunostained these cells for Pgp, a plasma membrane protein, using two wellcharacterized antibodies, UIC2 and NH 2 11. The UIC2 antibody is known as a conformation-specific antibody that binds to the extracellular epitope (30) , whereas the NH 2 11 antibody recognizes an epitope in Pgp that is intracellularly located (26,31) . Thus, the MCF-7/Adr R cells growing on the coverslips were immunostained with UIC2 and NH 2 11 antibodies for 45 min as described above, and the location of these antibodies was determined by confocal laser microscopy analysis. Fig. 6 shows that UIC2-bound immunofluorescence was present exclusively at the cell surface. On the other hand, no immunofluorescence was detectable when NH 2 11 was used under identical experimental conditions. We have previously shown that the immunostaining of Pgp with NH 2 11 requires a prior permeabilization of cells with detergents (26) , and failure to immunostain Pgp with NH 2 11 in the absence of detergents, suggested that immunostaining procedures used in this study selectively immunostain protein epitopes present at the exposed cell surface. These data also indicate that the antibodies are not internalized. Taken together, these results suggested that the cancer cells secrete galectin-1, which is bound to the extracellular surface.
Immunohistochemistry of galectin-1. To further determine the expression of galectins in cancers, the paraffin-embedded sections from primary specimens of the human breast invasive carcinoma and colon invasive adenocarcinoma were stained for galectin-1 using the respective antibodies in conjunction with AlexaFluor-488 coupled secondary antibodies. The results are shown in Fig. 7 . Galectin-1 immunostaining was predominantly associated with the tumor cells, and their identity was confirmed by hematoxylin-eosin staining (not shown). Using similar experimental procedures, we analyzed the expression of galectin-3 in these carcinomas, which indicated that the these invasive carcinomas contain elevated levels of galectin-3 (not shown). Taken together these results suggested that elevated levels of galectins are a characteristic of metastatic tumor cells. 
Discussion
Galectins are a family of proteins that bind to ß-galactosidecontaining oligosaccharides and proteins leading to their multipotent intra-and extracellular biological functions. Galectins are involved in several cellular processes including tumor cell adhesion and migration, tumor aggressiveness, modulation of apoptosis (32) , and an immune response through the induction of apoptosis in activated T-cells (10), highlighting their importance as cancer molecular targets. Although 15 galectins are known, expression profiles and functions of only a few galectins are characterized in different cell lines (33, 34) , perhaps due to their abundance and importance in cancers. The general notion resulting from these studies is that galectins as a whole share functional characteristics, influenced by the nature of the cell and cell cycle stage. Since the above-mentioned functions are exhibited equipotently by many different galectins, it is necessary to establish the expression profiles of all galectins in the same tissues or cell lines, prior to studies aimed at establishing their specific function. Lahm and co-workers (35) have analyzed the expression of several galectins in numerous cancer-derived cell lines by RT-PCR, establishing a database useful for galectin biology. Importantly, these studies have demonstrated that galectin expression profiles are variable not only in cell lines derived from different origins, but also in cells derived from the similar tissues/tumors, necessitating a fresh look at their expression patterns in experimental models.
In our efforts to unravel the roles of galectins in cancer drug resistance, we characterized the expression of galectins in many cancer cell lines and a few primary tumor specimens. The data presented here indicate that galectins are differentially transcribed and expressed in cancer cell lines, corroborating the studies of Lahm and co-workers (35) . While the RT-PCR analysis indicated that galectin-1 is actively transcribed in all cell lines, its translated protein was not detectable in HT29 and HEK-293 cells. Since HEK-293 are normal and epithelial in origin, the absence of galectin-1 in this cell line and its presence in cancer cells such as MCF-7 and HCT-116, which are also of epithelial origin, it appears possible that galectin-1 is up-regulated in epithelial cancers. In contrast, the observation that the cancer cell line T98G and the normal cell line HFF-2 cells, which are fibroblast in origin, contain high levels of galectin-1, suggests that galectin-1 is constitutively expressed in fibroblast-derived cancers.
Although the expected galectin-1 form with a molecular mass of ~14.5 kDa was detected in all cell lines, we also detected an unexpected ~13.5 kDa galectin-1 form in T98G and HFF-2 cells. However, the molecular nature of this form or its function is unclear at present. Notably, the migration of this ~13.5 kDa galectin-1 is similar to a galectin-1ß form characterized by Miura et al (36) , which lacks the first six amino acids and is involved in axonal regeneration. Whether the observed ~13.5 kDa galectin-1 in T98G and HFF-2 cells is galectin-1ß or an entirely different species needs to be established. The immunoprecipitates of the extracellular medium contained a galectin-1 form with a molecular mass of ~15 kDa, which is slightly larger than the expected mass. In view of the uncertainty of the secretory pathway involved in the galectin-1 secretion, as it lacks the required signal peptide, the higher molecular mass of galectin-1 suggests that a specific post-translational modification resulting in the apparently high molecular mass is a prerequisite for galectin-1 export to the extracellular milieu. The immunocytochemical analysis (Fig. 5) suggests that galectin-1 bound to the cell surface is particulate and present in a restrictive manner at specific locations of the plasma membrane, unlike the uniform distribution of P-glycoprotein on the plasma membrane (Fig. 6 ). This observation suggests that the ~15 kDa extracellular galectin-1 binds to specific cell surface receptors, which are involved in the effects elicited by the extracellular galectin. The identification of the plasma membrane-bound receptor to which galectin-1 binds will allow for a better understanding of the functional significance of this secreted galectin-1 form.
Our studies also provided some insight into the dissimilarities of the galectin-3 expression in cancer and normal cells. HEK-293 and HFF-2, two non-cancer cell lines did not express galectin-3 despite their ability to transcribe genes, whereas this galectin species showed ubiquitous distribution in all cancer cells. These data suggest that galectin-3 may be useful as a cancer cell biomarker. The presence of high levels of galectin-3 in drug-sensitive MCF-7 cells when compared to its drug-resistant counterpart MCF-7/ Adr R cells, suggests that galectin-3 plays a role in the modulation of cancer drug resistance. Moreover, galectin-3 is obviously a cytosolic protein and was not secreted in the extracellular medium by T98G cells, as judged by the immunoprecipitation of this galectin form from the extracellular medium. These results were corroborated by the immunocytochemical studies performed similarly in the detection of extracellular galectin-1, which clearly indicated the absence of extracellular galectin-3 (not shown).
Finally, although galectin-8 is abundantly transcribed in all of the cell lines tested, our attempts to detect galectin-8 in whole cell lysates were unsuccessful. However, its detection i) after subcellular fractionation, ii) by immunocytochemistry, albeit, not in all T98G cells and, iii) the presence of an ~18 kDa anti-galectin-8 antibody reactive protein in the extracellular medium, all point to its high level of regulation and its possible expression at specific cell cycle phases. Notably, the NCBI database has an additional splice variant of galectin-8 (accession number: CAI13767), whose predicted molecular mass is also ~18 kDa. Galectins-4 and -7 are present in low abundance, except that HT29 cells contain a significantly higher amount of galectin-4. These findings highlight the need to perform RT-PCR and immunoblotting in galectin gene expression analyses.
In conclusion, our findings suggest that cancer cells transcribe and translate the known galectins differentially, which exist in different molecular species. A further understanding of these new molecular forms of galectins in oncogenic processes is necessary to facilitate new strategies for anticancer therapy. TTUHSC to U.S. Rao. We thank Dr Linda Baum for kindly providing us with the galectin-1 cDNA.
